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URANIUM FLOW CHART 


Fig. 3. Flow chart describing path of uranium 
during operations at Simonds. 
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SCHEMATIC OF 16" SOUING MILLS 



TYPICAL ROLLING MILL UNIT 



SIDE VIEW 


Fig. 9. Schematic diagram of 16-in. rolling mills. 




Location 

Number of 
readings 

Maximum 
reading 
(dpm/100 cm^) 

Average^ 
reading 
(dpm/100 cm^) 

Standarc 
of measui 
(dpm/lOC 

Uranium storage 

12 

55 




area 

35 

15 

Forging shop 

13 


10 

Grinding area 

2 

<J 

45 

60 

8 

South of storage 

3 

35 

10 

area 


35 

28 

Southwest bay 

8 

30 


West central 

■) 

10 

10 

bay 


20 

20 

0 

South of 10-in 

7 

25 


roll mill 

0 

15 

7 

Northwest bay 
(north of 

14 

60 

20 

n 


grid areaj 



“The average reading S' is computed using the f„r , - 1 " 

j ‘"■‘Wdual .lasLem^S " ' " ifi 

The standard deviation rr r^-p 

.eesuren^nts is computed using the fort 



where x is the 
measurements . 


average reading and Xj^x 




» 


are the individual 


Table 2. Direct readings ot' beta- gamma radiation 
levels in buildings off the grid area 


ition 

Number of 
readings 

Maximum 

reading 

(dpm/lOO 

Average^ 
reading 
(dpm/lOO CTii^) 

Standard dev. 
of measurements 
(dpm/lOO cm^) 

storage 

12 

0.04 

0.02 

O.OL 

shop 

12 

0.03 

0.02 

<0.01 

; area 

2 

0.02 

0.02 

0.01 

■ storage 

3 

0.04 

0.03 

0.01 

;t bay 

8 

0.04 

0.02 

0.01 

itral 

2 

0.04 

0.04 

<0.01 

■ 10-in. 

.1 

3 

0 . 04 

0.03 

0.01 

;t bay 

)f 

!a) 

14 

0.04 

0.02 

0.01 


— — 1 
‘rage reading x is computed using the formula x = — Z ^ i, where 

,x arc the individual measurements, i = l 

u 

mdard deviation o of measurements is computed using the formula 



c is the average reading and ,x , arc the individual 

nuents. 


itorage 


12 


8 


6 


; ...'y.ir.i; shop 13 6 5 I 

area 2 6 5 J 

...til ut storage 3 7 6 2 

.1 Iv I 

bay 8 10 6 2 

A.;-t ..••.■ntral 2 10 10 0 



- ivt-rage reading x is computed using the fori 


- 1 

. . . . . - X = •- X X I wi 

individual measurements. i=l 

.:.v tindard deviation a of measurements is computed using tUc lormu 



•’■vro X is the average readi 
- is’.irc.'.ents. 


ng and x x., 


.x^ are the iiulivichi.-i 



Table 4. Concentrations of and in 

soil samples (pCi/g) 


Location^ 

Depth 

2 3 8u 


2 3 

^^"Ra 

grid point 1C 

surface 

1,230 


11. Q 

not found 

grid point 2U 

surface 

520 


2.1 

not found 

grid point 3C 

surface 

250 

not 

found 

not found 

grid point 311 

6 in. 

420 

not 

found 

not found 

grid point 3D 

12 in. 

180 


0.9 

0.9 

grid point 31: 

surface 

110 


0.3 

not found 

grid point 4C 

surface 

730 


2.1 

not found 

grid point 4D 

surface 

310 


1.5 

not found 

grid point 41: 

surface 

210 


2.1 

not found 

grid point SC 

surface 

10,000 


8.4 

not found 

grid point 5F 

surface 

21,000 

not 

found 

not found 

grid point 51* 

6 in. 

85 

not 

found 

not found 

grid point SI' 

12 in. 

190 

not 

found 

not found 

grid point 6C 

surface 

10,000 

not 

found 

not found 

grid point 6C 

6 in. 

920 

not 

found 

not found 

grid point 6C 

12 in. 

31 


0.3 

not found 

grid point llli 

surface 

370 


9.6 

not found 

soutli of metal 

surface 

25 


0.5 

0.7 

storage area 

north of metal 

surface 

50 


0.7 

not found 

storage area 

west of metal 

surface 

9.0 


0.5 

0.3 

storage area 

cast of metal 

surface 

8.1 


0.8 

0.5 

storage area 

center of metal 

surface 

5.8 


0.6 

0.3 

storage area 

NE part of bldg. 

surface 

not found 

not 

found 

1.1 

SE part of bldg. 

surface 

13 


0.8 

not found 

<10 ft N of roll 

surface 

6.1 


0.8 

0.7 

mill bldg. 

<10 ft li of roll 

surface 

1.8 


0.4 

not found 

mill bldg. 

near S entrance 

surface 

62 

not 

found 

not found 

of roll mill 
bldg. 

<10 ft IV of roll 

surface 

4.7 


0.7 

0.6 

mill bldg. 


amples collected at grid points were taken from below removable 
plates. For the location of grid points, see Fig. 4. 



San[)le 

Wt. percent 


Atom percent 

* t 

So. 

uranium 

2 3-,u 

235„ 

31-1 

6.73 

O.OOS'l 

0.71 

ll-F. 

0.1 

0.0052 

0.71 
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contamination made on the IG-in. rolling mills 


Mill 

indicated 
in rig. 9 

Location 
on mill 

Directly measured 
alpha contamination 
level 

Cdpm/100 cm^) 

Beta-gammj 
dose rat( 
at 1 cm 
(mrad/hr| 

Average 

Maximum 

Average Mi 

A 

left outside 

SOO 

500 

0. 1 

A 

right outside 

200 

200 

0.04 

A 

wheel 

200 

200 

0.80 

ll 

left outside 

200 

1500 

0. 1 

13 

left inside 

200 

200 

0.1 

13 

right outside 

200 

600 

0. 1 

B, 

right inside 


NU 

0.1 

c" 

entire mill 

100 

100 

0.1 

1) 

left outside 

200 

200 

0.1 

1) 

right out.side 

300 

300 

0.2 

u 

left inside 

200 

300 

0.05 

D 

right inside 

300 

600 

0,15 

D 

left front 

200 

200 

0. 15 

D 

right front 

200 

200 

0.1 

U 

left rear 

200 

200 

0.1 

1) 

riglit roar 

300 

300 

1.5 


‘■^No reading taken. 

'*'*Mill C was not used for uraniiun or thorium rolling. 




APPENDIX I 


DESCRIPTION OP RADIATION SURVEY 
METERS AND SMEAR COUNTERS 




RADIATION SURVEY METERS 


Alpha Survey Meters 

Two types of alpha survey meters are used to measure alpha radio 
activity on surfaces. One type of instrument uses a ZnS scintillator 
and the other uses a gas-flow proportional counter to detect the alphi 
radiation. 

The alpha scintillation survey meter consists of a large area 
(100 cm^) ZnS detector with a photomultiplier tube in the probe which 
coupled to a portable scaler/ratemetcr (see Tig, I -A). The ZnS detec 
is covered with a 5-mil aluminized mylar sheet in order to make the 
instrument light-tight. Tlie mylar, in turn, is covered with a grid t 
prevent puncturing the detector when surveying over rough surfaces, 
iliis instrument is capable of measuring alpha surface contamination 
levels of a few dpm/100 cm^ but must bo used in the scaler mode for t 
purpose. It is highly selective for densely ionizing radiation such 
alpha particles; the instrument is relatively insensitive to beta and 
gamma radiation. 

The gas-flow proportional counter uses propane gas as the detect 
medium. Through front panel meter readings, it can be used to measur 
alpha contamination levels from a few hundred dpm/100 cm^ to several 
hundred thousand dpm/100 cm^. If individual pulses are counted, this 
instrument can also be used for measurements down to a few dpm/100 cm 
The probe has a surface area of approximately 61 cm^ and has a 2.5-mi 
aluminized mylar covering with a protective grid. Due to the protect 
grid, the active area of the probe is 50 cm^ . It is relatively insen 
sitive to other alpha radiation. This instrument, shown in Fig. I-B, 
manufactured by the Ebcrline Instrument Company as their model PAC-4G 
meter with a probe. 

Both of these instruments are calibrated at ORNL using alp 

sources. While each instrument is individually calibrated, the calib 
tion factors are typically 5-6 dpni/cpm. 


Beta Survey Meter 


A portable Geiger-Mueller (G-M) survey meter is the primary inst 
ment for measuring beta-gamma radioactivity. The G-M tube is a halog 
quenched stainless steel tube having a 30 mg/cm^ wall thickness and 
presenting a cross-sectional area of approximately 10 cm^ . Since the 
G-M tube is sensitive to both beta and gamma radiation, measurements 
taken in both an open-window and a closed-window configuration. Beta 
radiation cannot penetrate the closed window, and, thus, the beta 
reading can be determined by taking the difference between the open a 
closed window readings. This meter is shown in Fig. I-C. 

The G-M survey meter was calibrated at ORNL for gamma radiation 
using a National Bureau of Standards standard Ra source. The gamma 
calibration factor is typically of the order of 2600 cpm/mR/hr. 

In order to assess beta-gamma surface dose rates from uranium 
contaminated surfaces using this instrument, a field calibration was 
performed. Tlie G-M survey meter was compared with a Victoreen Model 
ionization chamber (see Fig. I-D) and was found to produce 2400 cpm/ir 
per hr (from a best-fitting line with a coefficient of determination 
= 0.90) for a wide variety of surfaces. 

Gamma Scintillation Survey Meter 

A portable survey meter using a Nal scintillation probe is used 
measure low-level gamma radiation exposure. The scintillation probe 
a 3.2 X 3.8-cm Nal crystal coupled to a photomultiplier tube. This 
probe is connected to a Victoreen Model Thyac III rate meter (see 
Fig. I-E). This unit is capable of measuring radiation levels from a 
few uR/hr to several hundred pR/hr. This instrument is calibrated at 
ORNL with an NBS standard ^^^Ra source. Typical calibration factors 
of the order of 300 cpm/pR per hr. 



SMEAR COUK'l'ERS 


Alpha Smear Counter 

This detector assembly, used for the assay of alpha emitters on 
smear paper samples, consists of a light-t Iglit sample holder, a 'Zinc 
sulfide phosphor and a photomultiplier tube. This detector assembly ki 
used with electronic components housed in a portable NIM bin (see 
[•'ig. I-F). The electronics package consisted of a preamplifier, an 
ORTEC 456 high voltage power supply, a Tcnnciec TC 211 linear amplific: 
and a Tennelec TC 545 counter-timer. 

The alpha smear counter was used in the field and was calibrated 
^daily using an alpha source with a known disintegration rate. 

Beta Smear Counter 

'I’he beta smear counter consisted of a thin mica window (%2 ing/cm^, 
G-M tube mounted on a sample holder and housed in a 25-cra diam x 35-cni 
high lead shield. Located under the counter windovif is a slotted sampli 
holder, accessible through a hinged door on tlic shield. An absorber c; 
be interposed in the slot between the sample and the counter windoiv to 
determine relative beta and ganuna contributions to the observed sample 
counting rate. The electronics for this counter were housed in a 
portable NIM bin and consisted of a Tennelec TC 148 preamplifier, an 
ORTEC 456 high voltage power supply and a Tennelec TC 545 counter-tiB)e; 

'Hus unit, shown in I'ig. J-F, was used in the field to measure be 
activity on smear papers and was calibrated daily u.sing a beta standan 
of knoim activity. 








Fig. I-F. Smear counter and associated electronics. The beta 
counter is on the left and the alpha counter is on the riglit. 




Di;SC:UIPTION op THI- Ti;CllN'lQLIf;S 1-OR Till! MOASUUnMHNT 
01^ RADON AjNI) radon DAUGHTl-Ii CONCIiNTRATIONS IN AIR 



rnaiNiQUE i-or the measurement of 

PROGENY CONCENTRATIONS IN AIR 


An alpha spectrometry technique has been refined by Kerr^"^»^"^ foi 
the measurement of ^^^Rn progeny concentrations in air. From one 
integral count of the ^^®Po alpha activity and two integral counts of 
the ^'‘‘Po alpha activity, the concentrations in air of ^^®Po, ^'‘‘Bi, anc 
^■^‘*Pb may be calculated. 

Particulate ^^^Rn daughters attached to airborne dust are collectec 
on a membrane filter with a pore size of 0.4 microns. A sampling time 
of 5 min and a flow rate of 12 LPM arc used. This filter sample is ther 
placed under a silicon surface barrier detector and counted. The 
detector and counting system used for radon daughter measurements are 
shown in Fig. II-A. Usually, counting of this kind is performed with a 
vacuum between tlie sample and the detector which requires a complicated 
sample holder and time-consuming sample changing methods. Experiments 
at this laboratory have shown that ease in sample handling is obtained 
with little loss in i*e.solution when helium is used as a chamber fill 
gas.^"^ in this counter, lielium is flowed between the diode and the 
filter sample, whicli are separated by a distance of 0.5 cm. One integrf 
count of the alpha activity is obtained from 2 to 12 min, and two 

integral counts of the ^‘‘‘Po activity are obtained from 2 to 12 min and 
15 to 30 min, I'cspcctively . All counting intervals are referenced to 
t = 0 at the end of sampling. 

The equations describing the ^^^Rn progeny atoms collection rates 
on the filter are of the form 


dn . (t} 
dt 


= C.v + A. 


1 1-1 


n. 

1 - 


1 


Ct) 


A.n. (t) , 
11 


( 1 ) 


where 

= number of the ith species of atom on the filter as a function of 
A^ = radioactive decay constant of the ith species (min"*), 

Cj = concentration of the ith species (atoms 1'^), and 
V = air sampling flow rate (liters min"'). 


The solution of Eq. (1) is of the form 

y = (y^ = J r(x) 

From the general form of tlic solution, specific equations can 
obtained describing the number of each ^^^Rn decay product collect 
the filter as a function of time. Also by letting v = 0 in 1-q. (1 
set of equations describing the decay on the fi lter of eacli ^^^Rn 
progeny can bo obtained. The equations describing tlic decay of 
progeny on the filter can be integrated aiid related to the Integra 
counts obtained experiniontally. Values for tlic total activities o 
^’''Pb, and ^^‘‘Bi on the filter at the end of sampling are o 
by applying matrix tecliniques. The airborne concentrations arc ob 
by solving the equations describing the atom collection rates on t 
filter. A computer program has been written to perform these matr 
opei'ations, to calculate the air concentrations of tlie radon proge 
ajid to estimate the accuracy of the calculated concentrations. 

TUCllNIQUE FOR THE WEASUREMENT OF RADON 
CONCEKTibVriONS IN Till; AIR 

A Lucas Chamber (Fig. II-B) consists of a 9.S-ml glass flask, 
inside with a uniform layer of zinc sulfide. For measurements of 
concentration in the air, the flask is evacuated to a pressure of 
so microns. The flask is then taken to a location wiiore a sample 
desired and the collection valve is ojicned. After collection of a 
the flask, sample counting is delayed 3 to 4 hr to allow the radon 
daughters to attain equilibrium. Alpha jiarticles from the radon d 
ters produce scintillations in the zinc sulfide. The sample is no 
counted for 1000 sec with a pliotomultipl ioi’ tube assembly. A call 
tion performed at ORNL using a known radon concentration indicated 
the conversion factor is 2.02 pCi/litcr per cpm. After the sample 
been counted, the flask is again evacuated to .30 microns to preven 
contamination . 
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APPHNUIX III 


DESCRIPTION OP Gc(Li) DCTCCTOR AND 
SOU. COUNTING PROCEDURES 




DESCRIP'l'LON 01= Gc(Li) DETECTOR SYSTEM 


A lioidcr for twelve 3a-cc ])olyothyicnc bottles (standard contain 
for liquid scintillation samples) and a background shield have been 
designed for use with a 50-cc Ge(Li) detector system in laboratory 
counting of radioactivity in environmental samples (see J’igs, Ill-A a 
III-IJ). During counting of the samples, tlie liolder is used to positi 
ten of tlio sample Ijottlcs around the cylindrical surface of tlie dctec 
tor, parallel to and symnictric about its axis, and tvi/o additional 
bottles across the end surface of the detector, perpendicular to and 
symmetric with its axis. With a 300-cc sample and a graded shield 
developed for use with the system, it is possible to measure 1 pCi/g 
^•“i’h or ^^‘‘Ra with an error of i 10% or less. 

Pulses arc sorted by a 4096-channel analyzer (see Fig. HI-C), 
stored on magnetic tape, and subsequently entered into a computer pre 
gram which uses an iterative least-squares method to identify radio- 
nuclides corresponding to those gairmia-ray lines found in tlie sample. 
The program relics on a library of rad ioi .sot opes which contains 
approximately 700 i.sotopes and 2.100 gamma-rays and wliich runs contini 
on the HIM- 360 system at ORNL. In identifying and qu.antifyirig ^^®Ra, 
six principal gamma-ray lines arc analyzed. Most of these are from 
and correspond to 29E>, 352, 609, 1120, 1765, and 2204 KeV. An 
estimate of the concentration of is obtained from an analysis of 

the 93 KeV line from its daugtitcr *^‘*Th. 









Fig.. Ill-B. Ge(Li] detector system. 





f'ig. III-C, 


4096-c))annel analy 2 


APPI'NDIX IV 


PERTINENT RADIOLOGICAL REGULATIONS, 
STANDARDS, AND GUIDELINES 




(.ulideliiies for Decontamination of facilities and Equipment 
Prior to Release for Unrestricted Use or 
Termination of Licenses for Byproduct, 

Source, or Special Nuclear Material 


U.S. Nuclear Regulatory Commission 
Division of Fuel Cycle and 
Material Safety 
Washington, O.C. 20555 


November 1976 



e instructions in this guide in conjunction with TalUe IV- 1 spocliy 
e radioactivity and radiation exposure rate limits wlrich should be 
cd in accomplishing the decontamination and survey of surfaces or 
enn. ses and ecpiipment prior to abandonment or release for unrestricted 
e. The limits in Table IV- 1 do not apply to premises, C(iin[)mcnt, or 
rap containing induced radioactivity for wlrich the radiological con- 
derations pertinent to their use may be different. The release of 
ch facilities or items from regulatory control will be considered on a 
sc-by-case basis. 

The licensee sliall make a reasonable effort to eliminate residual 
contamination. 

Radioactivity on equipment or surfaces shall not l)c covered by 
paint, plating, or other covering material unless contamination 
levels, as determined by a survey and documented, arc below the 
limits specified in 'fable IV-1 prior to applying the covering. A 
reasonable effort must be made to minimize tlie contamination prior 
to use of any covering. 

The radioactivity on the interior surfaces of pi])es, drain lines, 
or ductwork shall be determined by making measurements at all 
traps, and other appropriate access points, l)rovidcd that contamina- 
tion at these locations is likely to be rej^resentat ive of contami- 
nation on the interior of the pipes, drain lines, or ductwork. 

Surfaces of premises, equipment, or scrap which arc likely to be 
contaminated but are of sucli size, construction, or location as to 
make the surface inaccessible for purposes of measurement sltall be 
px'esumed to be cojitaminatod in excess of t!ie limits. 

Upon request, the Commission may authorize a licensee to relinquish 
possession or control of premises, equipment, or scrap liaving 
surfaces contaminated with i^aterial In excess of the limits specified, 
'fhis may include, but would not be limited to, special circumstances 
such as razing of buildings, transfer or premises to another organi- 
zation continuing work with radioactive materials, or conversion of 
facilities to a long-term storage or standby status. Such request 


a. Provide detailed, specific information dcscrilung the 
premises, equipment or scrap, radioactive contaminants, and 

the nature, extent, and degree of residual surface contamination, 

b. Provide a detailed health and safety analysis which reflects 
that t!ie residual amounts of material on surface areas, 
together with other considerations such as prospective use of 
the premises, equipment or scrap, arc unlikely to result in an 
unreasonable risk to the health and safety of the public. 

i’rior to release of premises for unrestricted use, the licensee 
sliall make a comprehensive radiation survey which establishes that 
contamination is within the limits specified in Tabic lV-1. A 
copy of the survey report shall be filed witli tlic Division of Fuel 
Cycle and Material Safety, USNUC, Washington, U.C. 20555, and also 
with the Director of the Uegionai Office of the Office of Inspection 
and linforcomont, USNRC, having jui'isdiction. The report should be 
filed at least 30 days prior to the planned date of abandonment. 

The survey report shall; 

a. Identify tl\o premises. 

b. Sliow tliat reasonable effort has been made to eliminate residual 
contamination. 

c. Describe the scope of the survey and general procedures followed 

d. State the findings of the survey in units specified in the 
instruction . 

llowing review of tho report, the NRC will consider visiting the 
cilitics to confirm the survey. 



ACCEPTABLE SURFACE CONTAMINATION LEVELS 
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Kxcerpts from 

Proposed 

AN'S I N328-197 


Proposed American National Standard 


Control of Radioactive Surface Contamination 
on Materials, Kquipment, and Facilities to be 
Released for Uncontrolled Uso 


Secretariat 



Property shall not be released for uncontrolled use unless docu- 
mented measurements show the total and removable contamination levels 
be no greater than the values in Table IV-2 or Table IV-3. (Table IV- 
is easier to apply wlien the contaminants cannot be individually iden- 
tified. ) 

Where potentially contaminated surfaces are not accessible for 
measurement (as in some pipes, drains, and ductwork), such property 
shall not be released pursuant to this standard, but made the subject 
case-by-case evaluation. Credit shall not be taken for coatings over 
contamination. 



n any area of 100 cm^ is 


less than 3 times the limit value. 


Nuclide 


Limit (activity) 
dpm/100 cm^ 

Total Removable 


Iroup 1: Nuclides for which the nonoccupational 
IPC is 2 X 10"’’^ Ci/m^ or loss or for which tlie 
lonoccupational MPC is 2 x 10"’ Ci/m^ or less; 

ncludes Ac-227; Am-241; -242m, -243; C£-249; 100 20 

250, -251, -252; Cm-243, -244, -245, -246, -247, 

248; 1-125, -129; Np-237; Pa-231; Pb-210; Pu-238, , 

239, -240, -242, -244; Ra-226, -228; Th-228, -238.^ 


Iroup 2; Those nuclides^not in Group 1 for which 
:he nonoccupational MPC is 1 x 10'^^ Ci/m^ or 
ess or for which the nonoccupational MPC is 
X 10"'’ Ci/m^ or less; includes Es~2S4; '^Fm-256; 
-126, ,-131, -133; Po-210; Ra-223; Sr-90; Th-232; 
1-232.^ 

Iroup 3: Those nuclides not in Group 1 or 
Iroup 2. 


1000 200 


5000 1000 


^^See note following Table 2 on applications of limits. 

^MPC : Maximum Permissible Concentration in Air applicable to 
lontinuoui exposure of members of the public as published by or derived 
:rom an authoritative source such as NCRP, ICRP, or NRC (10 CPU 20, 
ippendix B, Table 2, Column 1). 

'^MPC : Maximum Permissible Concentration in Water applicable to 
lembers o^ the public. 

^Values presented here are obtained from 10 CFR Part 20. The most 
imiting of all given MPC values (e,g., soluble vs, insoluble) are to be 
ised. In the event of the occurrence of a mixture of radionuclides, 

:he fraction contributed by each constituent of its own limit shall be 
letermined and the sum of the fractions must be less than one. 


Table lV-3. Alternate surface contamination limits 


CAll alpha emitters, except U-nat and Tli-nat are considered as a grot 
The levels may be averaged over 1 provided the maximum activity i 
any area of 100 cm^ is less than 3 times the limit value. 


Nuclide 


If the contaminant cannot be identified; or 
if alpha emitters other than U-nat and Th-nat 
are present; or if the beta emitters comprise 
Ac-227, Ra-226, Ra-228, 1-125, and 1-129. 


If it is known that all alpha emitters are 
generated from U-nat and Th-nat; and beta 
emitters are present which, while not 
identified, do not include Ac-227, 1-125, 
1-129, Ra-226, and Ra-228. 


If it is known that alpha emitters are 
generated only from U-nat and Th-nat; and 
the beta emitters, while not identified, 
do not include Ac-227, 1-125, 1-129, Sr-90, 
Ra-223, Ra-228, 1-126, 1-131, and 1-133. 


Limit (activit 
dpm/100 cm^ 


Total Remove 


100 


2C 


1000 


20C 


5000 


lOOC 


^Note on application of Tables 1 and 2 to isolated spots 
or activity; 

l-or purposes of averaging, any m^ of surface shall be considered to t 
contaminated above the limit, L, applicable to 100 cm^ if: 

a. From measurements of a representative number, n, of sections, it 
is determined that 1/n ESi ^ L, where Si is the dpm/100 cm^ determine 

from measurement of section i; or 

b. On surfaces less than 1 m^ , it is determined that 1/n ZSi > AL, 
where A is the area of the surface in units of m^; or 

c. It is determined that the activity of all isolated spots or 
particles in any area less than 100 cm^ exceeds 3L. 



Part 712 

Grand Junction Remedial Action Criteria 


Federal Register, V'ol. 41, No. 255, i>p. 56777-8, Thursday, Uecember 30 


PART 712 - GRAND JUNCTION 
RnMIiDIAI, ACTION CRITF.RIA 


712.1 Purpose 

[a) The regulations in tins part establish the criteria for dote 
mination by liRUA of tlie need for, priority of and selection of appropr 
remedial action to limit tlie exjjosure of iiulividuals in the area of 
Grand Junction, Colo,, to radiation emanating from uranium mill tailin 
whicli iiavc licen used as constx'uction-relatcd material. 

(b) The regulations in this part are issued pursuant to Publ, L, 
92-3M (86 Stat. 222) of June lb, 1972. 

712.2 Scope 

The regulations in this part apply to all structures in the area 
Grand Junction, Colo., under or adjacent to which uranium mill tailing 
have been used as a construction-related material ))ctween January 1, 1 
and June lb, 1972, inclusive. 

712.3 Definitions 

As used in tljis part ; 

(a) "Administratoi'” means the Administrator of the Energy Reseai 
and Development Administration or Iiis duly authorised rei^rescntativc. 

(b) "Area of Grand Junction, Colo.," means Mesa County, Colo. 

(c) "dackground" means radiation arising from cosmic ray.s and 
radioactive material otlicr tluin uranium mill tailings, 

(d) "liRDA" means the P.ncrgy Research and Development Administral 
or duly authorized representative thereof. 

(e) "Construction-related material" means any material used in 
the construction of a structure. 


(f) "External gamma radiation level" means the average gamma 
adiation exposure rate for the habitable area of a structure as measured 
ear floor level. 

Cg) "Indoor radon daughter concentration level" means that con- 
entration of radon daughters determined by; (I) averaging the results 
f 6 air samples, each of at least 100 hours duration, and taken at a 
iniinum of 4-week intervals throughout the year in a habitable area of a 
tructure, or (2) utilizing some other procedure approved by the 
ommission. 

Ch) "Millirocntgen (mR} means a unit equal to one-thousandth 
1/1000) of a roentgen which roentgen is defined as an exposure dose of 
or gamma radiation such that the associated corpuscular emission per 
.001293 gram of air produces, in air, ions carrying one electrostatic 
nit of quantity of electricity of either sign. 

Ci) "Radiation" means the electromagnetic energy (gamma) and the 
articulate radiation (alpha and beta) which emanate from the radio- 
ctive decay of radium and its daughter products. 

(j) "Radon daughters" means the consecutive decay products of 
adon-222. Generally these include Radium A (polonium-218). Radium B 
lead-218), Radium C (bismuth-214), and Radium C' (polonium- 214) . 

(k) "Remedial action" means any action taken with a reasonable 
xpectation of reducing the radiation exposure resulting from uranium 
ill tailings which have been used as construction-related material in 
id around structures in the area of Grand Junction, Colo. 

(l) "Surgeon General's guidelines" means radiation guidelines 
elated to uranium mill tailings prepared and released by the Office of 
ie U.S. Surgeon General, Department of Health, Education and Welfare on 
aly 27, 1970. 

(m) "Uranium mill tailings" means tailings from a uranium mill 
leration involved in the federal uranium procurement program. 

(n) "Working Level" (WL) means any combination of short-lived 
idon daughter products in 1 liter of air that will result in the 
Ltimate emission of 1.3 x 10® MeV of potential alpha energy. 


712.-1 Interiirct.'it ions 


r.xcoiiL as specifically autijorized by the Administrator in writin, 
no interpretation of tlic meaning of the regulations in tiiis part by ai 
officer or employee of !:11IM other than a written interpretation by th 
General Counsel will be recognized to be binding u)ion liRDA. 

712.5 (;o?)iiiii.in lea t ions 

lixccpt where otherwise specified in tius part, all communication 
concei'iiing tlic regulations in this part should he addressed to the 
Uircctor, Division of Safety, Standards, and Compliance, ll.vS, Energy 
lloscarcli and Develoinuent Administration, Washington, D.C. 20S45. 

712.6 General ratliation exposure level criteria for remedial action 

The basis for undertaking remedial action siiall bo the upplicahl 
guidelines publislied by the Surgoon General of tlic United States. Th 
guidelines recommend the following gr<adecl action levels for remedial 
action in terms of external gamma radiation level (liGR) and indoor ra 
daughter concentration level (KDC) above background found within dwcl 
consti'ucted on or witli uranium mill tailings: 


ncR 

RDC 

Recommcn^lation 

Greater than 0.1 

Greater than 

Remedial action indica 

luR/hr 

0.05 WL 


lu'om 0.05 to 0.1 

From 0.01 to 

Remedial action may be 

mR/hr 

0.05 Wl. 

suggested 

Less than 0.05 

Less than 0.01 

No remedial action 

mR/hr 

WL 

indicated 


712.7 Criteria for determination of possible need for remedial acti 

Once it is determined that a possible need for remedial action 
exists, the record owner of a structure shall be notified of that 
structure's eligibility for an engineering assessment to confinn tiie 



measure, if any. A determination of possible need v^^ill be made if as a 
result of the presence of uranium mill tailings under or adjacent to tlie 
structure, one of the following criteria is met: 

(a) Where ERDA approved data on indoor radon daughter concentratic 
levels are available: 

(1) I'Or dwellings and schoolrooms: An indoor radon daughter 
concentration level of 0.01 Wl. or greater above background. 

(2) For other structures: An indoor radon daughter concentration 
level of 0.03 WL or greater above background. 

(b) Where ERDA approved data on indoor radon daughter concentratic 
levels are not available: 

(Ij For dwellings and schoolrooms: 

(1) An external gamma radiation level of 0.05 mR/hr or greater 
above background. 

fii) An indoor radon daughter concentration level of 0.01 WL or 
greater above background (presumed) . 

(A) It may be presumed that if the external gamma radiation level 
is equal to or exceeds 0.02 mR/hr above background, the indoor radon 
daughter concentration level equal.s or exceeds 0.01 WL above backg7'ound. 

(B) It should be presumed that if the external gairuna radiation 
level is less than 0.001 mR/hr above background, the indoor radon daugli! 
concentration level is less than 0.01 WL above background and no possib! 
need for remedial action exists. 

(C) If the external gamma radiation level is equal to or greater 
than 0.001 mR/hr above background but is less than 0.02 mR/hr above 
background, measurements will be required to ascertain the indoor radon 
daughter concentration level, 

(2) For other structures; 

(i) An external gamma radiation level of 0.15 mR/hr above back- 
ground averaged on a room-by-room basis. 

(ii) No presumptions shall be made on the external gamma radiation 
level/indoor radon daughter concentration level relationship. Decision 
will be made in individual cases based upon the results of actual nieasu 


ments. 


712.8 Determination of possible need for remedial action vdiere 
criteria have not been met 

The possible need for remedial action may be determined where the 
criteria in 712,7 have not been met if various other factors are presei 
Such factors include, but are not necessarily limited to, size of the 
affected area, distribution of radiation levels in the affected area, 
amount of tailings, age of individuals occupying affected area, occupai 
time, and use of the affected area, 

712.9 Factors to be considered in determination of order or priority 
for remedial action 

In determining the order or priority for execution of remedial 
action, consideration shall be given, but not necessarily limited to, 
the following factors; 

(a) Classification of structure. Dwellings and schools shall be 
considered first. 

(b) Availability of data. Those structures for which data on 
indoor radon daughter concentration levels and/or external gamma radi- 
ation levels arc available when the program starts and which meet the 
criteria in 712.7 will be considered first, 

(c) Order of application. Insofar as feasible remedial action 
will be taken in the order which the application is received. 

(d) Magnitude of radiation level. In general, those structures 
with the highest radiation levels will be given primary consideration. 

(e) Geographical location of structures. A group of structures 
located in the same immediate geographical vicinity may be given prior 
consideration particularly where they involve similar remedial efforts 

(f) Availability of structures. An attempt will be made to schei 
remedial action during those periods when remedial action can be taken 
with minimum interference. 

Cg) Climatic conditions. Climatic conditions or other seasonabl 
considerations may affect the scheduling of certain remedial measures. 


712.10 Selection of appropriate remedial action 

Ca) Tailings will be removed from those structures where the 
appropriately averaged external ganuna radiation level is equal to o 
greater than 0.05 mR/hr above background in the case of dwellings a 
schools and 0.15 mR/hr above background in the case of other struct 

(b) Wlierc the criterion in paragraph (a) of this section is n 
met, other remedial action techniques, including but not limited to 
sealants, ventilation, and shielding, may be considered in addition 
that of tailings removal. ERDA shall select the remedial action te 
nique or combination of techniques, which it determined to be the m 
appropriate under tlie circumstances. 


ENVIRONMENTAL PROTECTION AGENCY 
Title 40, Part 141 

Drinking Water Rogulations--Radionucl ides 


Interim Primary Drinking Water Regulations 
Promulgation of Regulations on Radionuclides 
Federal Register, Vol. 41, No. 133, 28402-9, Friday, July 9, 197 


Part 141.15 Federal Register 
Vol. 41, No. 133, p. 28404, Friday, July 9, 1976 

Maximum contamination levels for ^^®Ra, and gross alpha 

particle radioactivity. 

(a) Combined and - 5 pCi/liter. 

(b) Gross alpha particle activity (including ^^®Ra but exeJudin 
radon and uranium) - 15 pCi/liter, 



APPENDIX V 


EVALUATION OF RADIA’I’ION EXPOSURE AT THE FOIIMER SIMONDS SAW AND 
STEEL COMPANY (CURRENT NAME - GUTERI, SPECIAL STEEL CORPORATION) 

LOCKPORT, NEW YORK 




rlie U.S. Department of I'.nergy (DOE) has determined that portions c 
the foniier Simonds Saw and Stool Company in Lockport, New York, are 
]')re.sentJy contaminated witli radioactive I'esidues from previous uses of 
this property. Under current conditions of use, this contamination do( 
iiot cause employees working at the site to receive radiation exposures 
ajjpreciahly different from those due to naturally occurring environmen- 
tal radioactivity. However, under different conditions of use (i.c., 
use of tlic contaminated soils for growing crops, actions whidi involve 
agitation or ahx'asion of dry contaminated surfaces, or extended mainte- 
nance activities involving contaminated portions of existing property 
and eiiuipment) , tlicrc could be a potential for radiation exposure to 
people. Eor tliat reason, the UOL- will conduct further evaluations to 
enal)lc appropriate actions to be identified that will preclude any 
concerns for radioactivity at thi.s site. 

rlie Simonds Company performed rolling mill operations on uranium 
metal (and, to a mucli smaller extent, thorium metal) during tlxe period 
1948 to 1U.S6. Tliese operations v>fcrc ])cr formed in two buildings on the 
site, designated as Buildings A and B. Building A is presently used £< 
rolling mill operations on nonradioactivc metals. That portion of 
Building B which was used for uranium and thorium operations is now us< 
as a cleaning area for descaling metal sheets and bars. Approximately 
50 ))crsons xvork in these two buildings and approximately 450 persons 
work at tixe entire facility, now known as Guterl Special Steel Corporal 
Uranium and tliorium operations at tliis facility were performed 
under two separate contracts. The first contract, in effect until 195; 
was negotiated witli the New York Operations Office of the Atomic Energ; 
Commission (AEC) . The second contract was a subcontract with National 
Lead of Ohio, whicli was under contact to the AEC to provide feed mater: 
to the finiiford facility in kichland, Washington. More tlian 99 percent 
of the work done under these two contracts involved uranium which was 
rolled on t)ic 16-inch rolling njill located in Building A. A small 
amount of material was rolled in Building B. Radiological monitoring 
and safety during all operations was the responsibility of the AEC, 
Results of a survey conducted in November 1958, indicated tliat radiati' 


removed and clean stcoL plates placed over the area. Other areas 
showing elevated radiation levels were scrubbed and vacuumed. A second 
radiation survey was performed in Deceml)cr 1958 to verify decontaminati 
Most of the contamination at the Lockport site is due to natural 
uranium. Employees at this site receive slight radiation exposures fro 
this contamination. Exposures come from beta and gamma radiations 
emitted by contamination on surfaces of equipment or in the ground. 
Additional exposures received by ingestion (i.o., eating or drinking in 
one of tlie contaminated ai’cas) arc relatively small compared with diroc 
beta and gamma radiation. At present, exposures received by inhalation 
that is, by breathing air contaminated with radioactive inatcrials--are 
also small compared witli direct beta and gamma radiation. A summary ol 
radiation exposures at the Lockport site is provided in Table V-1 along 
with appropriate guidelines and generally accepted background values. 

The naturally occurring radionuclides present at this site are al.*; 
present in minute quantities tiu'oughout our environment. Concentratior 
of these radionuclides in normal soils, air, water, food, etc., arc 
referred to as background concentrations. Radiation exposures resiiltir 
from this environmental radioactivity are referred to as background 
exposures. These background exposures arc not caused by any human acti 
vity and, to a large extent, can be controlled only through man's inovir 
to areas with lov^er background exposures. Each and every human receive 
some background exposure daily. 

The use of radioactive materials for scientific, industrial, or 
medical purposes may cause radiation exposures above the background 
level to be received by workers in the industry and, to a lesser extent 
by members of ttio general public. .Scientifically based guidelines have 
been dev^eloped to jilace an upper limit on these additional exposures. 
Limits established for exposure.s to the general public are much lower 
than tlic limits established for workers in the nuclear industry. 

Uranium-238 is believed to have been created when the earth was 
foiTTied. It is still present today because it takes a very long time t< 
decay. The lialf life is a measure of the time required for radioactiv< 
decay; for uranium-238 it is 4.5 billion years. For example, consider 


initial inventory of one curie* of uranLutn-238. One-half curie vi,’ill 
lin in existence at the end of 4.5 billion years, with one-quarter 
ie surviving to 9 billion years. As the urauium-238 decays, it 
nges into anotlicr suhstance--thorium-234. 'lhorium-234 is called the 
Lighter" of uranium-238. In turn, tliorium-234 is the "parent" of 
tactinium-234 . Uadioactivc decay .started by uraniuTn-238 continues as 
wn in 'fable V-2 until stable lead is formed, 'fhe "decay product" 
ted in fable V-2 is the radiation produced as the parent decays. 

Direct beta and Gamma Uadiution nxposurcs 

As may be seen in Table V-2, uranlum-238 decays into thorium-234 
cli decays into protactin iu)n-234 . The half lives of these latter two 
ionuclide.s arc very short comjiarcd with uranium-2.38. Consequently, 
concentrations of tliesc two radionuclides are today the same as the 
centration of uraniuin-238. 'fliorium-234 and protactinium'234 emit 
a and gamma radiation. Hence, surfaces contaminated with uranium-238 
decades ago can now produce beta- and gamma-radiation e.xposures. 

Surfaces in Building A arc contaminated witii uranium-238, riic 
Icar Regulatory (Commission (NRC) rotiuircmcnts applicable to its 
ensccs state tliat the average beta and gamma exposure rate measured 
a distance of 1 centimeter above surfaces should not exceed 
millirad* per hour; individual readings sliould not exceed 
millirad per liour. Readings taken in the area of the rolling mill 
around the quench tank exceed the KRC guidelines for both maximum 
average exposure rates, exposure measurements made on the rolling 
1 ranged up to 3. .3 millirad per hour. The highest readings were 
ained under a floor ])latc in the area of the quench tank, where the 


curie is a unit defined for expressing tlic amount of radio- 
ivity present in a sul)stance; one curie represents 37 billion 
iioactivc disintegrations per second. 

' 'Iho millirad is a unit used to measure the amount of radiation 


exposure rates ranged up to 42 millirad per hour. A soil sample taken 
at this location contained approximately 21,000 picocurics* of 
uranium- 234 per gram of soil. 

For comparison, the skin dose which would be expected from a norma 
year's watching of color television by an adult is 1.6 millirads; for a 
child less than 15 year's of age, the comparable dose is 3.6 millirads 
per year (according to the United Nations Scientific Committee on the 
Effects of Atomic Radiation) . 

The primary concern of the NRC guideline is exposure of skin sur- 
faces. The thickness of ordinary shoe soles is adequate to protect the 
skin of feet from beta radiation. Other areas of body .skin are adequat 
protected from these exposures if they remain away from these surfaces. 
In most cases, exposures are negligible at a distance of 1 foot away 
from these surfaces. Although potential exists for exposures far in 
excess of the guidelines, beta and gamma surface exposures arc believed 
to be inconsequential to employees at this site due to the relative 
inaccessibility of contaminated surfaces during normal work functions. 

It is also seen in Table V-2 that several of the daughters of 
uranium-238 emit ganmia radiation (gamma rays are penetrating radiation 
like X-rays). Hence, the contamination on this site is a potential 
source of external gairai^a radiation exposure. External gamma exposures 
measured at 1 meter above the ground or floor of buildings ranged from 

t 

5 to 48 microRoentgens per hour. Exposure to this upper level for 
2000 hours per year, a typical work year, would lead to a maximum 
exposure of 96,000 microRoentgens. I'or comparison, a typical chest 
X-ray (according to Department of Health, Education, and Welfare data) 
might yield an e.xposure of 27,000 microRoentgens. Background levels (t 
wlilch persons are exposed on a continuous basis) in the Lockport area 
averaged 8 microRoentgens per hour. This results in an annual exposure 
of 70,000 microRoentgens. 


*0ne picocuric is one million-millionth of a curie, previously 
defined, 
t 

The Roentgen is a unit which is defined for radiation protection 
purposes for people exposed to penetrating gamma radiation. A micro- 


Tl\e Kational Council on Radiation I’rotection and Measurement (NCUr 
has recommended a maximum annual whole-body exposure rate of 
SOOjOOO microRoentgens per year to an individual continually exposed in 
tljc general public. 'I’his value corresponds to 250 microRoentgens per 
hour for 2000 exposure l\ours (40 hours per week and 50 weeks per year.1 . 
Thus, all whole-body gaimna radiation exposures at ti\is site are well 
within guideline values. 

Otlior Considerations of lixposure 

R<idon-222, one of tlie members of tlic uranium- 23t'i family shown in 
Table V-2, is an inert gas wliich may leave tlic soil and enter the 
atmosphere. Measurements taken at tlie site indicate tliat radon-222 
concentrations arc less tlmn 0.4 picocuries per liter. Those concen- 
trations cannot be distinguished from normal background concentrations. 
Tiius, all exposures to radon-222 at the former Simonds facility arc 
below the concentration guideline for the general public given in 
10 CTR 20.* Furthermore, thc.se exposures to fadon-222 cannot be di.s- 
tinguished from normal background exposures. 

Radioactive decay of radon-222 is rapid (days) and its decay gives 
rise to short-lived daughters as sliown in Table V-2. Background conceii 
trations of radon daughters both inside and outside structures arc 
typically les.s than 0.01 working level (Wl.) . ' All radon daughter 
concentrations measured in buildings at the Lockport site were far belc 

the guide value of 0.0.3 WL given in I’ederal Regulation 10 CFR 712.'^ 

Health studios of uranium and otiicr hard-rock minors l\ave estab- 
lished that inhalation of large quantities of daughters of radon-322 

*Title 10 Code of 1-ederal Regulations Part 20 is a regulatory 
document published by tlie Nuclear Regulatory Commi.ssion and may be 
found in the I'cdoral Register. 

^The working level is a unit wliich was defined for radiation 

protection purposes for uranium miners. It represents a specific level 

of energy emitted by tlie short-lived daughters of radon. 

^’Titlc 10 Code of Federal Regulations Part 712 is a document 
published by the F.ncrgy Research and Development Administration (now 
r'tf iinri nuiv hp f'minH in t*hf> pAflpvnl Unalstrir. 


>ver long periods of tiine increases an individual's risk oi contracting 
ung cancer. Tlie present federal guide value for uranium mine workers 
given by the Environniental Protection Agency fEPA]), when translated 
o the units discussed here, would limit mine v^/orkers to an exposure of 
).33 working level, assuming exposure for 2000 hours per year, a typical 
lork year. Tins level is significantly lower than the exposures 
‘eceived by most of the miners included in the health studies referred 
o above. 

Water samples taken at the site sliow little evidence of contamina- 

ion by radionuclides. Die concentration of each radionuclide was at 

east ten times lower than the maximum permissible concentration in 

fater (MPC ) as set forth in 10 CFR 20 for members of tlic general public, 
w 

Use of the contaminated soil for growing crops could produce addi- 
ional human exposures through consumption of these crops. Actions 
ihich involve agitation or abrasion of dry, contaminated surfaces could 
:reate airbonic radioactive dust which, when inhaled, would produce 
nternal human exposures. 

Risk and Radiation Exposures 

Risks resulting from radiation exposures should be considered 
'ithin the context of other risks incurred in normal living. Eor 
implicit/, risks to health may be classified in four categories: 

1. Unacceptable--problems with risk so high as to require immedi- 
ate action, such as severe diseases where medical treatment is 
rcquii'ed to save a life. 

2. Concerned--problems where people are willing to spend time and 
money to reduce potential hazards. Examples of this include 
the maintenance of public highways and signs, signals, fire 
departments, and rescue squads. 

3. Recognized--problems where people may acce])t some inconveni- 
ence to avoid certain activities such as flying in airplanes, 
swiiTuning alone, etc. 

4. No great concern- -problems with a low frequency of occurrence, 
There is an awareness of potential hazard, but an accompanying 


>\n intliviclual may be exposed to risks over which )ie can exercise 
some control (voluntary), and risks over which he feels he has no 
lorsonal control or choice (involuntary) . 

Daily, an individual is confronted with decisions about risk which 
lave an associated benefit-- for example, driving a car. This can serve 
•IS an illustration tliat a voluntary, concerned risk may be deemed appro- 
priate due to the desirable perceived benefit. As another example, an 
Individual wlio smokes cigarettes has subjected iumself to a risk of lung 
cancer which is about ten times higher than that for a nonsmokcr. 

for purposes of radiation protection, all radiation exposures are 
assumed to be capable of increasing an individual's risk of cancer 
death. A precise nnmcricnl value cannot he assigned ivitli any certainty 
to a given Individual’s increase in risk attributable to radiation 
exposure. The reasons for this are numerous; they include the indi- 
i/idual's age at onset of exposure, variability in latency period (time 
>etween exposure and physical evidence of disease), tlie individual's 
personal liabits and state of liealtl), previous or concurrent exposure to 
other cancer-causing agents, and the individual's family medical history 
Because of these varial>Ics, large uncertainties would exist in any 
estimates of the number' of increased cancers in tiro relatively small 
working population at the bockport site. 

The normal annual doatli rate from lung cancer for all population 
groups in .Niiagara County (as of 1970) was 2S.4 deaths per 100,000 
population.* At tire same time, tire annual death rates from lung cancer 
for all population groups in the United States and tire state of New York 
were 21.1 and 24.2 deaths per 100,000 population, respectively. A one- 
year exposure to the guideline value for uranium miners (0.33 working 
level for 2000 hr) might increase the risk of death due to lung cancer 
by approximately four percent. 

The annual death rate from all typos of cancer among all population 
groups in Niagara County (as of 1970) was 159 deaths per 100,000 


*Mortality statistics were obtained from data in U.S, Cancer' 
Mortality by County: I9SO-1960 , prepared by the National Cancer 
Institute. 1973. available from the U.S. Government Printing Office. 


population. A.t the same time, the death rates I'rom all types oC cancer 
for all population groups in the United States and in the state of N'ew 
York were ISl and 172 per 100,000 population, I'cspcctively. A one-yeai 
exposure to penetrating gamma radiation of 500,000 mi croRoentgens iniglit 
increase the risk of death due to all types of cancer by about onc-tent 
of a percent. Exposures in excess of these guideline values would he 
expected to result in proportionately higher increases In risk. 
Consequently, any action taken to reduce either the rate or the duratic 
of radiation exposure would also reduce the risk attendant to that 
exposure. 

Ihere are no data at present which give evidence of a rclationshij 
vbetween low-level exposure of the skin and the development of skin 
cancers. This does not mean that skin cancer cannot be produced liy lov 
level exposures. This docs mean that the risk associated witli guide! ii 
level exposures of the skin is so small that it cannot be quantified. 

Remedial Measures 

Employees working in Building A at the l.ockport site arc currcntlj 
receiving small radiation exposures to the skin. 'Ihe risk associated 
with these exposures is imperceptibly small. However, the potential 
exists for more serious exposures by inhalation of radioactive dusts. 
Decontamination of the uvanium-238 residues on surfaces on and near tin 
16-inch rolling mill would remove the source of actual and potential 
exposures associated with Building A. The next stage of the Uepartmem 
of Energy's Remedial Action Program is to identify and evaluate variou; 
alternatives to assure adequate protection against current and potenti: 
radiation exposuz'es at this location. 

Sumnrary 

In summary, the Lockport site is contaminated with residues con- 
taining natural uranium. Under current conditions of site use, this 
contamination does not cause employees working at the site to receive 
radiation exposures appreciably different from those due to background 
radiation. However, under different conditions of use (i.e., use of 


:oniamLiiatcd soils for growing crops or actions which involve agitation 
jr aljrasion of dry contaminated surfaces), potential radiation exposures 
to cinployt-t's and tlie public could result. For that reason, the f)0F wiil 
conduct further evaluations to enable the identification of appropriate 
actions wJiich will preclude any concerns for radioactivity at this site. 
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''fhe working level is a unit which was defined for radiation protection purposes 


Iciblc V“2* Ur3niuin-238 dccsy 5Gri6S 


Parent 

Half- life 

Decay products 

Daughter 

um- 238 

4.5 billion years 

alpha 

thoriuin-234 

uni~23‘1 

24 days 

beta, gamma 

protactinium- 234 

ictiniutn-234 

1.2 minutes 

beta, gamma 

uranium-234 

uiii-234 

250 thousand years 

alpha 

thorium- 230 

.uin-230 

80 thousand years 

alpha 

radium-226 

1111-226 

1600 years 

alpha 

radon-222 

1-222 

3.8 days 

alpha 

polonium-218 

iluni-218" 

3 minutes 

alpha 

lead-214 

-214^ 

27 minutes 

beta, gamma 

bismuth- 2 14 

ath-214^ 

20 minutes 

beta, gamma 

polonium-214 

iium-214‘'* 

10,000 

alpha 

lead-210 

-210 

22 y9ars 

beta 

bismuth-210 

util- 210 

5 days 

beta 

polonium-210 

Ilium- 210 

140 days 

alpha 

lead-206 

-206 

stable 

none 

none 


“Short-ljved radon daughters. 
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PREFACE 


This series of reports results from a program initiated in 1974 
by the Atomic Energy Commission (AEC) for determination of the condi 
of sites formerly utilized by the Manhattan Engineer District (MED) ai 
the AEC for work involving the handling of radioactive materials. Si; 
the early 1940”$, the control of over 100 sites that were no longer T' 
quired for nuclear programs has been returned to private industry or 

a 

public for unrestricted use. A search of MED and AEC records indicat' 
that for some of these sites, documentation was insufficient to deten 
whether or not decontamination work done at the time nuclear activitl' 
ceased is adequate by current guidelines. 

This report contains the results of a radiological survey to deti 
the current radiological conditions at the former Sinionds Saw and Stei 
site, Lockport, NY. 

The report documents the present radiological condition at the 
Simonds Saw and Steel Co. site within the realm of today's sophistica 
instrumentation and the impact on any future area development. 

The results of this survey indicate ttiat there are elevated leve 
of one or more radionuclides in the on-site buildings and environment 
Therefore, based on the results of this survey and previous radiolog 
data remedial measures should be considered to preclude any future co 
cern of inadvertent radiation exposure to people. 

The work reported in this document was conducted by the following mem 
of the Health and Safety Research Division, Oak Ridge National Labora 
Oak Ridge, Tenn : 


D. L. Anderson 
J. E, Burden 


D. J. Christian 
B. S. Ellis 


F. F. Haywood 
R. W. Leggett 
W. T. Ryan 



CONTr.N'lS 


Page 


LIST Ol- ITGURliS iv 

LIST 01- TADLIiS v 

ABS'lllACT 1 

INTRODUCTION 2 

KADIOLOGTCAl, SURVCY TECII.NTQUnS 5 

Measurements of Alplia and Beta Contamination I, eve Is .... 5 

MoasuremeiUs of Beta-Caimna Radiation Levels 5 

Measurements of Radon and Radon Daugliter Concentrations 

in the Rolling Mill Building 5 

Measurements of external Gaiiuua Radiation Levels 6 

Measurements of Uranium, Radium, and Tlioriura 

Concentrations in Soil 6 

Measurements of Radioactivity in Surface Water 7 

SURVI'Y RliSULTS 7 

Results of Soil Sample Analyses 7 

Alplui and Beta Contamination Levels 8 

Bet a -Camilla Radiation Levels 9 

Lixternal Gamma Radiation Levels 10 

Radon and Radon Daughter Measurements in the 

Rolling Mill Building 10 

Results of Water Sample Analyses 11 

SUMMARY 11 

RliPRRliNCLS 14 

APPr.NDIX I, Description of Radiation Survey Meters and 

Smear Counters 31 

API’RNDIK II, Description of the Tecliniqucs for the 

Measurement of Radon and Radon Daugliter Concentrations 

in Air 43 

APPI-iNDlX III, Description of (;e{Li) Detector and Soil 

Counting Procedures 51 

APPENDIX IV, Pertinent Radiological Regulations, 

Standards, and Guidelines 57 

APPENDIX V, Evaluation of Radiation Exposure at the 
Former Simonds Saw and Steel Company (Current 
Name - Gutcrl Special Steel Corporation), 

T .r-l l-\ 


2 

3 

4 

5 

6 

7 

8 
9 




JL 


and Ste^ r ^ ^ Simonds Saw 

and Steel Company and surrounding area 

m « _ 


Plan view of the 16-in -rni i 1 1 j 

• roll mill and forge shop 

Plrujj _i ^ . 1 . ^ 


«*sSonSf 




noori;'ronfn6lnr;®eT ® 


External ganma radiation levels in rolling min area 

rolliiniU Sef in 


Concentrations fpCi/g) of 238 ,. . 
outside the grid aref^ samples taken 


Schematic diagram of 16-in. rolling mills 


15 

16 


17 

18 


19 

20 


21 


22 

23 


IV 


MST OF TABLES 


Fable Page 


1 Direct readings of alpha contamination levels in 

buildings off the grid area 24 

2 Direct readings of beta-gamma radiation levels in 

buildings off the grid area 25 

3 External gamma radiation levels at 1 m above 

surface in buildings off the grid area 26 

4 Concentrations of ^^^Th, and in 

soil samples (pCi/g) 27 

5 Mass spectrometry analysis of residual uranium 

in soil 28 

6 Concentrations of radionuclides in water 

samples CpCi/ml) 29 

7 Results of direct measurements of alpha and 
beta-gamma contamination made on the 16-in. 

rolling mills 30 




RADIOLOGICAL SURVEY OF THE FORMER SIMONDS SAW AND STEEL COMPANY* 

LOCKPORT, NEW YORK 


R. W. 

Leggett 

F. 

F. Haywood 

M. T. 

Ryan 

J. 

Burden 

D. L. 

Anderson 

B. 

S. Ellis 

D. J. 

Christian 




Health and Safety Research Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

ABSTRACT 

The results of a radiological survey of the former Siraonds Saw and 
Steel Company (current name of this facility is Guterl Special Steel 
Corporation), Lockport, New York, are presented in this report. During 
the period 1948-1956, this company handled large quantities of uranium 
metal and smaller quantities of thorium metal in rolling mill operation: 
The survey included measurement of residual alpha and beta-gamma 
radiation levels in the rolling mill building and forging shop; externa 
gamma radiation in the same area; uranium, radium, and thorium in soil 
samples taken from beneath removable floor plates in the rolling mill 
area and from other parts of the site; radon and radon daughter concen- 
trations in the rolling mill building; and contamination in drainage 
paths leading from the buildings and grounds. Elevated concentrations 
of uranium were found in soil samples taken from beneath the floor 
plates within 40 ft of the 16-in. rolling mill. Beta-gamma radiation 
levels were greater than 1 rarad/hr at the locations having the highest 
concentrations of uranium. External gamma radiation levels were above 
the background level in a few small isolated areas in the rolling mill 
building. The 16- in. rolling mill showed elevated alpha and beta 
contamination levels in several areas. 


■*Research sponsored by the Division of Environmental Control Technology 
U.S. Department of Energy under contract W-7405-eng-26 with the Union 
Carbide Corooration. 


INTROnUCTION 


At the request of the Department of Energy (then Energy Researc 
and Development Administration), Oak Ridge Operations, a radiologica 
survey was conducted in Lockport, N'ew York, at the former Simonds Sa 
and Steel Company. This facility is curx'ently oi'med and operated by 
Guterl Special Steel Corporation. During the period 1948 to 19S6, t 
company handled large quantities of uranium metal and smaller quanti 
of thorium metal in rolling mill operations. Two buildings on the s 
were involved in these opcx'ations (see Buildings A and B in Fig. 1). 
These two sti’uctux'es are located in a lai'ge industrial area (see Fig 
which is sparsely populated. At the time of this survey, approximat 
450 people were employed on the site, and of these, approximately 5C 
worked in the buildings which were involved in the uranium and thori 
operations. Building A is still used for rolling mill operations or 
metal, and the portion of Building B that was used for uranium and 
thorium operations is now a cleaning area and is used for descaling 
metal sheets and bars, Tlxe first of two contracts with Simonds Saw 
Steel Company was negotiated with the New York Operations Office of 
U.S, Atomic Energy Commission (ABC). Until the termination of this 
contract in 1952, Simonds px'ocessed 500,000 to 600,000 pounds of ur< 
per month through the 16- in. bar mill. The second contract was a 
contract with National Lead of Ohio (NLO) , who was under contract tc 
AEC to provide feed material to the Hanford production facility in 
Richland, Washington. Odd lots which would have required extensive 
changes at the NLO facility were sent to Simonds. During the perioc 
1948 through 1952, approximately 312 rolling mill turns*, consistinj 
15,000 to 20,000 pounds of material per turn, were made annually. 
Production decreased to 29 turns in 1952, 56 in 1954, 58 in 1955, ar 
in 1956, Some of the later materials included depleted and 2.5% eni 
uranium. Also, about 30,000 to 40,000 pounds of thorium have been 
processed through Simonds. Over 99% of all of the work performed b) 


*A rolling mill turn consists of the heating and roll milling c 
fixed number of ingots, defined by the capacity of the furnaces. 



Simonds was done on the 16-in. rolling mill. (The rolling mills arc 
located in Building A shown in Fig. 1.) Several small lots of materie 
were run through the 10-in. rolling mill, and some 15 or 20 ingots wet 
processed in the harraner forge shop, which is in an adjacent building 
(Building B in Fig. 1). 

A plan view of the 16-in. rolling mill and associated facilities 
given in Fig. 2. Tlie numbers correspond to process steps; the urnniun 
flow chart is given in Fig. 3. 'Hiis flow chart is accurate for 99% oi 
all material processed at Simonds. Ingots or billets of uranium metal 
were received in boxes or on pallets and placed in area 1. They wore 
uncrated just prior to rolling and were transferred by crane to the 
weigh station (2). After weighing, the ingots were rolled into tlie le 
furnace (3), which was of a "Ferris wheel" type for submerging and 
carrying the charge through the lead. After heating, the ingots were 
brought along a roller table to the 16-in. rolling mill (A). Two of t 
four mill stands of the 16-in. mill were used to roll the uranium. 
Ingot size determined whether shearing (5) was necessary during rollir 
After rolling, the uranium bars wore later quenched (6) and then trans 
ferred in bundles by crane to the shipping area (7) , where they were 
placed in tared H besuns, weighed (8), and loaded into railroad cars fi 
the shipping dock (9) . 

Before the existence of the lead furnace a few limited heatings 
were performed in the steel furnaces (10, 11, 14) shovm in Fig. 2. 
Steel sheets lined these furnaces during use, and all have been rclinc 
with refractory brick since the period of uranium processing. Tlic foi 
shop furnace hearths are replaced every eight months, and the side wal 
are replaced annually. The 10-in. mill furnace was completely rebuilt 
in 1957 after the termination of all the uranium processing. The norii 
lifetime of both the 16-in. and 10-in. mill furnace hearths is 1 to 
2 years, and the side wall lifetime is 3 to S years. 

During all operations from 1948 through 1956, the AEG was respon- 
sible for radiological monitoring and safety. Extensive efforts were 
made to keep working areas clean. All dross (surface residue) from tl 
lead furnace was skimmed and returned to the AEG or NLO. Protective 


the 16-in. rolling mill stands and pans in the mill pits to collect 
material from every working turn. Tlie mill area was vacuumed after 
every batch of 16 ingots, and the shipping area was vacuumed daily. 

Results of a survey conducted in November 19S8 revealed that radi 
ation levels were Ivighest in the quench tank area* (6 in Fig. 2). Thi 
tank was removed, and clean steel plates were placed over the area. 
Other areas in which elevated radiation levels were found were vacuume 
and scrubbed with water and detergent. A second radiation survey was 
conducted in Uecoinber 1958 to verify decontamination.^ 

The present survey was undertaken to characterize the existing 
radiological status of the property. It was conducted by five members 
of the Health and Safety Research Division of the Oak Ridge National 
laboratory CORNL) on October 9-10 and 16-17, 1976. The sua'vey include 

(1) measurement of external gamma radiation at 1 in above the flc 
of the 16-in. rolling mill and adjacent areas on a 45-ft 
square grid and throughout the remainder of the rolling mill 
building and forging shop; 

(2) measurement of beta-gamma radiation on a 15-ft sc|uare floor 
grid covering the area in wliich uranium metal had been heatc 
rolled, and cooled; this was done with the floor plates in 
place and also with selected floor plates removed; 

(3) measurement of uranium, radium, and thorium concentrations i 
the soil under the I'emovable floor plates; 

(4) measurement of alpha and beta contamination levels (fixed an 
transferable) on building and equipment surfaces; 

(5) measurement of radon and radon daughter concentrations in ai 
inside the 16-in. rolling mill building; 

(6) measurement of contamination of drainage paths from building 
and grounds. 

"Contamination," as used in this report, refers to radioactive 
materials deposited in or on surfaces whether fixed or transferable. 
Survey meter readings made on surfaces generally indicate the level of 
fixed contamination, while standard smear techniques are used to detei 
mine the levels of transferable contamination. 



UADIOLOGICAL SURVEY TECHNIQUES 


Measurements of Alpha and Beta Contamination Levels 

Alpha and beta contamination levels were measured on the floor at 
each of the grid points at 15- ft intervals covering the area in which 
the uranium metal had been heated, rolled, and cooled (Fig. 4). (This 
area will he referred to throughout the report as the "grid area.") At 
some grid points, additional direct measurements of alpha and beta con- 
tamination were taken underneath the removable steel floor plates (see 
Figs. 4 and 5). Measurements of fixed and transferable contamination 
were also taken at other points throughout the rolling mill building anc 
forging shop including walls, elevated support beams, ceilings, and on 
the 16-in. rolling mill (see Figs. 4 and 5 and Tables 1 and 2). 

Fixed alpha contamination levels wei*e measured with alpha scintil- 
lation survey meters, vdiich are described in Appendix I. Transferable 
alpha and beta contamination levels were determined using standard smcai 
techniques. Measurements were made at each of the locations shown in 
Fig. 7 and at 111 other locations throughout the rolling mill building 
and forge shop. The smear counters are described in Appendix I. 

Measut'cments of Beta-Gamma Radiation Levels 

Beta-gamma dose rates were measured at 1 cm above the surface of 
the floor at each of the grid points of a 15- ft square grid covering th< 
same area as the alpha contamination survey discussed above (see Fig. 5 
and Table 2) . These measurements include natural background and were 
made with Geiger-Mueller (G-M) survey meters described in Appendix I. 

Measurements of Radon and Radon Daughter Concentrations 
in the Rolling Mill Building 

For the measurement of instantaneous radon concentrations in the 
air in tlie area of the rolling mills, air samples were taken using 
evacuated 95-ml glass flasks (known as Lucas chambers) coated with a 
uniform layer of zinc sulfide. Sample counting was delayed for 3 to 



U.c.s c,u„»,.cr ,.n. 

counting system is 2.02 pLi/ntui ^ 

Eultiplior tube are shown in Appendix II. roHii.p »i 1 1^' 

Ur samples were also taken in the v.cin.ty ol the roll,,.,, 

POP the ncasLnent of tadon dat„htets. Ait was pu.pcd fot S nun 
approxinately 12 litcrs/»in through a .oiabrane filter with a ,».,xu, 
pore site of 0.4 u. The filter was counted using an alpha spotu tunK., , > 
technigue refined by terr.> This technique is described in Api.t in ix 


Measurements of External Gamma Radiation Eovols 


External gamma radiation levels which include natural backp.round 
were measured with scintillation survey mcter.s described in AimkmkUx 1. 
Readings were taken at 1 m above the surface at intervals of .^0 to dl. 1 
in the grid area (shown in Fig. 6) and at the locations listed hi 
Table 3. Scintillation survey meter measurements arc indicative ol ilu' 
instantaneous exposure rates at the point of incasuremont . 


Measurements of Uraniumj Radium, and Thorium 
Concentrations in Soil 

Soil samples were taken from the metal storage area, from hoiiealh 
the removable floor plates in the grid area (see Fig. 4), and rroiii ollu 
locations inside the rolling mill building. Samples wore al.so collecti 
outdoors, within a few feet of the rolling mill building. The .s .imi) I os 
were packaged in plastic bags before being returned to O.'ik Rldgo, when 
they were dried for 24 hr at 110®C and then pulverized to a parl ielo 
size of 35 mesh (500 pm). Next, aliquot.s from each sample were trnns 
ferred to plastic bottles, weighed, and counted using a ric(i.i) detecto 
Tlie spectra obtained were analyzed by computer techniques. A, dcscrijU 
of the Ge(I,i) detector and the soil counting techniques is given in 
.Appendix III. Uranium, radium, and thorium concentrations were dete?’- 
mined for all samples (see Table 4) . Two samples wore analyzed For 
concentrations of individual uranium isotopes using mass spoctrometi'y 
techniques (see Table 5) . 


Measurements of Radioactivity in Surface Water 


Water samples were taken from the drainage of the mill building and 
•roni a nearby canal which served as the outfall for rolling mill coolant 
later. In addition, a tap-water sample was taken from the city water 
ystom. The samples were analyzed at ORNl. using radiochemistry 
ccliniques (sec Table 6). 


SURVEY RESULTS 

Results of Soil Sample Ai\alyses 

Concentrations of ^^®U, ^^'’Ra, and ^‘^^Th in soil samples collected 
in the site arc listed in Table 4. Locations of outdoor soil samples 
ire indicated in Fig. 2, and grid points referred to in Table 4 can be 
found in !-'ig. 4. Three samples taken from the surface beneath the 
'omovable floor plates in the area near the 16-in. rolling mill showed 
concentrations of ^^®U in excess of 10,000 pCi/g. Samples collected 
lutside tl^e grid area showed ^^®U concentrations from 1.8 to 62 pCi/g 
^see Fig. 8). Because some enriched uranium )iad been processed at this 
facility, two samples (5F-1 and IIH) were analyzed for the concentra- 
;ions of individual uranium isotopes and ^^®U. Mass 

ipectrometry techniques were used to provide this information, Results 
)f this analysis (see Table 5) revealed an isotopic ratio equivalent to 
latural uranium deposits. 

Radium-226 concentrations in the 29 soil samples were no higher 
;han 1.1 pCi/g. These low concentrations of *^®Ra were to be expected, 
iince there has not been sufficient time for significant ingrowth of 
’^®Ua from the initially pure uranium, and since no uranium ore was 
irocessed at Simonds. 

The iiighcst concentration of found in soil samples was 

LI pCi/g. Twenty-two of the 25 samples collected inside tlie building 
ihowed ^^^Th concentrations of less than 3 pCi/g. In most samples, the 
ictivity of ^^^Th was less tlian 1% of the activity of 


Direct measurements of alpha contamination levels taken in the 
16-in. rolling mill building and in the forging shop are given in 
Table 1 and tig. 4. Direct readings of alpha contamination levels tak 
outside the grid area were in the range of 0-60 dpm/100 cm^ (sec Tabic 
Alpha contamination levels in the grid area (but excluding tlie 16- in. 
rolling mill itself) were as high as 4600 dpm/100 cm^ by direct readin 
with the higliest readings being recorded within 20 ft of the J6-iii, 
rolling mill (see fig, 4). Most of the contamination in this area was 
found on or under the floor plates. On the 16- in. rolling mill, dircc 
measurements of alpha contamination were as high as 1500 dpin/100 ciii^ , 
with maximtun readings being recorded on the left outside surface of 
mill B (see Fig. 9), Results of the survey of the 16-in. rolling mill 
arc reported in Table 7, Direct I’cadings of alpha contamination on 
walls, beams, rafters, and ceilings in the rolling mill area were in t 
range of 0-60 dpm/lOO cm^ , According to guidelines issued by the U.S. 
Nuclear Regulatory Commission (NUC)'’ for the release of property for 
unrestricted use, average and maximum acceptable levels* of alpha con- 
tamination on surfaces are 5000 dpm/lOO cm^ and 15,000 dpm/lOO cm^ , 
respectively, pi'ovidcd the radioactive contaminant is natural uranium 
(see Appendix IV). This is also consistent with a proposed (ANSI) 
standard,^ The radioactive materials processed on the site wore natui 
uranium and natural thorium, and there has been sufficient time for 
^^®Th to attain almost complete (n/80-90%) radioactive equilibrium wit)' 
^^^Th, Furthermore, for surfaces contaminated witli the NRC 

average and maximum allowable limits of alpha contamination are 
100 dpm/lOO cm^ and 300 dpm/lOO cin^, respectively (Appendix IV). Hcnc 
the standards for ^^®Th are 50 times more restrictive than those for 
natural uranium. However, it appears from the relative activities of 
and ^®^Th in soil samples from Simonds that tlie standard for nati 
uranium is the appropriate standard to be applied to this site. At 


*Measuremcnts may not he averaged over more than 1 square meter. 
The maximum contamination level applies to an area of not more than 
lOO cm^ , 


of the points of measurement in the rolling mill building Call 14 in tl 
grid area), alplta radiation was higher than 100 dpra/100 cm^ by direct 
reading (see Fig. 4), either on the floor plates or open dirt, or on tl 
soil beneatli tlie removable floor plates. Soil samples were taken from 
beneath the floor plates at 9 of these 14 locations (see Table 4 and 
Fig. 4); and in 8 of those 9 soil samples, concentrations were at 

least 100 times as much as ^^®Th concentrations (assuming equilibrium < 
^^^Th and ^^®Th). At location IIF (Fig. 4), where alpha contamination 
in the open dirt was 310 dpm/100 cm^ by direct reading, the activity o 

was about 38 times the activity of (assuming equilibrium of 

^^^Th and ^^®Th). Hence, it is reasonable to assume that less than 3% 
(or 10 dpjii/lOO cm^) of the total alpha activity at this location is fn 
'2«Th. 

Smear samples wore taken at the locations given in Fig. 7 and at 
111 other locations throughout the rolling mill building and forging 
shop including walls, beams, rafters, ceilings, and 54 locations on tiu 
16-in. rolling mill. None of the smears shovsted alpha contamination in 
excess of 15 dpm/100 cm^ , and all smears showed less than 100 dpm/100 i 
of beta contamination. These levels arc well within the allowable 
limits defined by the NliC*' for surfaces contaminated with natural 
uranium and its daughters. (Although NRC guidelines'' for transferable 
beta contamination levels are 50 times more stringent for [a 

daughter of ^^^Th] than for natural uranium, it appears by arguments 
analogous to those concerning ^^®Th that the guidelines for natural 
uranium should be applied here.) 

Beta-CJamma Radiation Levels 

Direct readings of beta-gamma radiation levels are given in Table 
and Fig. 5. Measurements taken outside the grid area were in the rang 
of 0.01-0.04 mrad/hr (see Table 2), and the measurements on walls, 
beams, rafters, and ceilings were less than 0.01 mrad/hr. In the grid 
area (Fig. 5), some readings taken within 40 ft of the 16-in. rolling 
mill on the floor and on the soil beneath the removable floor plates 
were above 1.0 mrad/hr. On the 16-in. rolling mill, beta-gamma dose 


ated with surface contamination resulting from beta-gamma emitters 
should not exceed 1.0 mrad/hr. The highest beta-gamma radiation level 
measured was 42 mrad/hr at a point under a floor plate near the old 
quench tank area (Fig. 5). A sample of this material (see sample 5F-1 
Table 4) was returned to Oak Ridge for determination of uranium, radiu 
and thorium content. Analysis showed a uranium concentration of 
21,000 pCi of U/g soil (6.3%) uranium; no radium or thorium was found 
the sample. No significant reduction in the radiation level was noted 
after removal of the sample. 


External Gamma Radiation Levels 

Measurements of external gamma radiation levels at 1 m above the 
floor in the rolling mill building and forging shop are given In Fig. , 
and lable 3. Outside the grid area (see Table 3) the maximum reading 
was 12 uR/hr. which is within the range of background measurements whi, 
have been taken in the Uckpor, area. In the grid area, readings wore 
as ig, as 48 uR/hr in an area south of the 16-in. rolling min 
between the lo-in. and 16-i„. furnaces (see Fig. 6). This area, which 

Ta „ t --ium and thorium operntl, 

area or not more than 5 m^ ’ ^ 

readings. 


IS associated with these elevated gamma 


on Radon Daughter Measurements in the 
Rolling Mill Building 

ir samples were taken east and west of the rolling 
measurement of radon f 222 n„n rolling mill area fo 

ooncentrations of less than 0.4 pCi/liter 'tw 

were taken for the measurement of radon dan hT 

approximately 50 m fro. the main entrance ofth” ““ 

aad the other in the rolling min "'“1 luildln, 

o samples showed radon 


daughter concentrations well below 0.001 VJL.* These results for rac 
and radon daughter concentrations are consistent with the fact that 
small quantities of radium, the parent of radon, were found in the 
bui Iding. 


Results of Water Sample Analyses 

Concentrations of ^^*'Ra, and in water samples taker 

and near the site are listed in Table 6; this table also gives the c 
centration guides (CG’s), commonly referred to as the maximum permis 
concentrations (MPC'sJ , for each radionuclide tested. Sample 1 is £ 
tap-water sample taken from the city water system, sample 2 was take 
from a nearby canal which served as the outfall for rolling mill coc 
water, and sample 3 was taken from the drainage from the mill buildi 
In each sample, the concentration of each radionuclide tested was a 
factor of 10 or more below the MPC 

w 

SUHMARY 


T!;e site was used for rolling mill processing of large quantiti 
of uranium metal and relatively small quantities of thorium metal di 
tlje period 19^8-1956. High concentrations of uranium were found in 
samples taken near the 16-in. rolling mill and at other points in ai 
near the rolling mill building. Samples taken from beneath the rom< 
steel floor plates near the 16-in. roll mill shov^ed concentrati 
as higli as 21,000 pCi/g. It should be noted that the specific acti\ 
of is 3.33 X 10“’ Ci ’^®U/g therefore, this sample of soi 
contains : 


2,10 X 10~® Ci soil 

3.33 X 10“’ Ci ’^®U/g 


0.063 g ^’®U/g soil. 


*A working level (WL) is defined as any combination of short-1, 
radon daughters in 1 liter of air that will result in the ultimate 
omis-^inn of 1.3 x 10® MeV of aloha varticle enerev. 


tration of 0.05% uranium requiring a source material liccns 
latter value is equivalent to 172 pCi soil. It is s 

Table 4 that 55% of the samples contain uranium in excess o 
material" level. Concentrations of found in five samp 

from in and around the metal storage area ranged from 5.8 t 
One soil sample taken from a section of the rolling mill bu 
to the uranium operations showed a concentration of 13 

sample taken outdoors near the south wall of the roiling mi 
showed a concentration of 62 pCi/g. The highest conce 

found in any sample was 11 pCi/g. Normal background 
tions of and are apj)roximately 1 pCi/g e 

average, in the Lockport area. 

After 20-28 years, the ingrowth of from tlic natu 

is negligibly small, but ^^®Th has had sufficient time to a 
equilibrium with However, the large ratio of a 

*^^Th activity in soil samples taken on the site indicate t 
applying surface contaniincntion guidelines provided by tlie N 
guidelines for natural uranium should be used. The levels 
alpha radiation measured on the site arc below the NRC guid 
provided the standards for uranium are applied. However, s 
readings of beta-gamma radiation taken on the floor and und 
removable floor plates near the 16-in rolling mill exceeded 
which is the maximum allowable for unrestricted use accordi 
guidelines.'* Transferable alpha and beta radiation levels 
appear to be low; all smears showed less than 15 dpm/100 cm 
contamination and less than 100 dpro/100 cm^ beta contaminat 

External gamma radiation levels inside the rolling mil 
near the 16-in rolling mill were as liigh as 48 pR/hr. An i 
exposed to this gamma radiation level for 40 hr each week w 
an integrated dose equivalent of approximately 100 mrem/yea 
the areas associated with the high readings were small. In 
inside the building, external gamma radiation was near back 
levels. 


ippears from the survey results that there is no potential 
h'Oin radon and radon daughters in tlic building. This is sup- 
' the findings of only small traces of in samples, 

jater samples taken from tlie drainage from the site, the conccn- 
of ^^^Ra, and ^^^Th were below the maximum permissible 

itions . ® 

iuinmary, it appears tliat most of the radioactive contamination 
! fi'om uranium and thorium operations during the period 1948 to 
;onfined to the area inside and immediately outside the rolling 
'ding. Some areas near tlie 16-iu. rolling mill contain uranium 
) of the "source material" level. On the 16-in. rolling mill, 

1 beta-gairma contamination levels C*^y direct measurement) were 
excess of NRt; guidelines. 

ivaluatlon has been made of current radiation exposures at the 
>ccial Steel Corporation site and is presented in Appendix V 
of this report. The purpose of this evaluation is to present 
.on vMliicli will permit the reader to compare current radiation 
; from the site to noniial background exposures for that part of 
as well as to scientifically based guideline values established 
)rotcction of radiation workers and members of the general 


